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Introduction

Literature search
We used fixed search strings to generate search hits and used their number as an indication of 11 coverage of the subject. For the French-language literature, we chose to limit the search to the 12 journal Bois et Forêts des Tropiques (BFT), as it is the main publication for French-language 13 papers on this topic and it has a fully open-access archive dating back to 1947. This extensive 14 archive is not fully covered by any of the common generalist databases and merits an analysis 15 on its own. We used the search engine on the website http://bft.cirad.fr/ which does not 16 accept Boolean operators or wildcards, therefore we successively applied the search strings:
17 "route forestière", "piste forestière", "route exploitation" and "piste exploitation". For
18
comparison we used the two most well-established databases that cover the widest scope of 19 English-language literature, while focussing on peer-reviewed publications, Scopus and ISI
20
Web of Knowledge. Google Scholar is also widely used to search for scientific literature as it 21 also includes grey literature, books and reports. However, due to practical constraints a 22 systematic assessment of this source was not possible and we only used it to select some 23 influential publications outside peer-reviewed journals. In Scopus we used the search strings: 
24
This partly reflects the limited coverage of older publications also in this database (earlier literature is well covered by the publication "Forestry Abstracts", but this could not be 1 accessed by our on-line search) but it also shows the increasing number of articles in general, 2 and on this subject in particular. 
Selection of articles
10
For critical appraisal we selected 19 articles from BFT, 99 from the overall body of English-11 language peer-reviewed publications plus 5 books and 4 reports from searches in Google 12 Scholar. Articles that addressed logging roads in tropical forests were selected by their 13 relevance for the disciplines ecology, engineering and geography. An overview of the 14 selection criteria that were used for the screening of articles is given in Table I . The term 15 "logging road" is frequently used without further definition. We included only the articles 16 reporting on roads that are built to allow wheeled vehicles to transport harvested logs from 17 the landings, where they are loaded, out of the forest. We excluded roads constructed 18 primarily for public use. The selection therefore includes primary (access) roads, which are The very first article in BFT that mentioned roads in Central African forests (Steinmann, 8 1948), was written with the connotation of adventure in exploring the forest as unknown 9 territory in order to gain access to forest resources in the French colonies. Over the next few 10 years the articles in BFT became very specific in giving technical advice for road planning, 
Direct impacts of roads on tropical forests
10
We found few detailed analyses of the ecological impacts of logging roads in articles 
Indirect impacts of roads on tropical forests
11
Arguably the biggest threat resulting from logging roads in the tropics is that they grant A less visible form of forest degradation resulting from roads is the depletion of wildlife 10 populations through unregulated hunting that has even resulted in "empty" forests (Redford, 
Reducing the impacts of logging roads 1
The potential problems with roads in tropical forests have long been appreciated from a forest 2 management perspective (as evidenced in the BFT articles reviewed above) and so there has 3 been a parallel set of publications focused on the development of engineering techniques 4 designed to minimise these problems. These are well represented in both the French-and 5 English-language literatures (Table II) . 17 Assessment of the literature included in this review reveals two main underlying agendas for 18 these studies that can be roughly classified into conservation approaches versus forest 
Contrasting trends in the literature
